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Habitat destruction and modification are major causes cited for the decline of
amphibians worldwide (Wake and Morowitz 1991). Depressional wetlands on Pinckney Island
NWR in Beaufort County, South Carolina were ditched and drained during the 1950’s for
agricultural development. Wetlands were restored by filling ditches with existing spoil. I
surveyed herpetofaunal and vegetation communities to determine responses to wetland restoration
on Pinckney Island from 2004-2005. I selected ten wetlands each in pine and maritime habitats,
sampling prior to and after restoration. I recorded 14 reptile and 9 amphibian species using timeconstrained searches and funnel trap arrays. I documented (first record on the Island) Fowler’s
toad (Bufo woodhousei) and many-lined salamander (Stereochilus marginatus). There were
differences between amphibian species richness recorded using time constrained surveys and
funnel trap arrays, amphibian species abundance between pine and maritime forest, and between
number of Eastern spadefoot toads (Scaphiopus holbrooki) before and after restoration.
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CHAPTER I
INTRODUCTION

Concern has increased about declines and disappearances of amphibian populations
worldwide, with habitat destruction and modification being major causes cited (Wake and
Morowitz 1991). Alterations to hydrology have been reported to have negative impacts
on herpetofaunal communities that depend on mesic and hydric habitats (Vickers et al.
1985). An estimated 53% of original wetlands in the United States have been lost to
human development during the past 200 years, likely resulting in irreversible loss of
habitat for a wide variety of plants and animals (Dahl 1990). Semlitsch and Bodie (1998)
stated that small, isolated wetlands will likely continue to be lost because of the lack of
biologically relevant data on the value of these wetlands. They also argued that small
wetlands are extremely valuable for maintaining biodiversity, and that loss of small
wetlands cause direct reduction in the connectivity among remaining species populations.
Both existing and recently proposed legislation are inadequate for maintaining the
biodiversity of wetland flora and fauna, especially in ephemeral wetlands that are isolated
from navigable waters (Semlitsch and Bodie 1998). This lack of regulatory consideration
can result in negative impacts to amphibians and reptiles that have specific life
requirements that restrict their use of a broad range of habitat types. Thus, loss or
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degradation of even seasonal habitats may result in numerous biotic and abiotic
disturbances that impact critical habitat types for herpetofauna (Leiden et al. 1999).

Literature Review
Temporary and seasonal wetlands are important habitats for many vertebrate and
invertebrate species (Alexander and Schlising 1996). Most amphibian species depend on
temporary wetlands for breeding and larvae maturation (Alexander and Schlising 1996).
Furthermore, many rare species of temporary pools depend on ephemeral wetlands for
survival in Coastal Plain depressional wetlands. Depressional wetlands are abundant
throughout the Atlantic Coastal Plain of North America (Dietz-Brantley et al. 2002).
Within the coastal flatwoods seasonal soil saturation produces an abundance of shallow,
temporarily inundated depressions and basin wetlands (Perry 2001). Brooks (2000)
related the function of these seasonal wetlands to aquatic islands in a sea of terrestrial
forest. These depressions have seasonally perched water tables above impervious
substratum and water depths rarely exceed 1 m in depth (Thorne 1981, Taylor et al.
1999). Shallow water covers the surface during the cool rainy season, while evaporation
dries the pools during the remainder of the year (Clausnitzer and Huddleston 2002). Due
to seasonal dryness, many shallow wetlands have been ditched, drained, and converted to
non-wetland uses (Savannah River Ecology Laboratory 1998).
Wetland hydroperiod may be influenced by human land use and climate (Bauder
2005, Meeder 1987). Climatic changes associated with each season may cause dramatic
changes in appearance of ephemeral and vernal pools, with surface water collecting
2

primarily during winter and spring rains (Bauder 2005). During a single season, pools
may fill and dry several times, and in years of drought, pools may never fill with water
(Bauder 2005). The hydroperiod of ephemeral and vernal pools affects faunal
composition and reproductive success of amphibians and other species that depend on
aquatic habitats (Brooks and Hayashi 2002). The association between wetland
hydroperiods and several correlates of fitness suggests that pool duration should be given
consideration when planning wetland preserves and restoration projects (Morey 1996). In
pools that are important to larval development, larvae inhabiting pools that retain surface
water for longer periods tend to be large at metamorphosis. This life history trait has been
related to higher terrestrial fitness in amphibians of temperate ecosystems (Scott 1994).
In wetlands that are dry for longer periods, competition for limited resources and
predation rates may be more intense during relatively brief wet periods (Snodgrass et al.
1999). Furthermore, Snodgrass et al. (2000) found that there is a significant positive
relationship between wetland hydroperiod and species richness among wetlands at the
Savannah River Site located near Aiken, SC. Brooks (2000) also found that taxon
richness and diversity was related positively to length of pond hydroperiod. Rapid
desiccation of pools, whether human-induced or natural, often causes complete
reproductive failure in amphibian species (Semlitsch 1987). Early pool drying also may
be viewed by some ecologists as an unusual or catastrophic event with little or no
influence on long term community structure because of its seemingly random or
infrequent occurrence (Semlitsch et al. 1996).
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Weather conditions and storm surges created by tropical storms and hurricanes can
have profound effects on amphibians and other organisms of ephemeral wetlands located
in coastal mainland and island habitats (Meeder 1987). Hurricanes may temporarily affect
hydroperiod through increased rainfall and storm surge (Meeder 1987). Low-lying
coastal forested wetlands, such as depressional pools found on Pinckney Island, SC are
particularly vulnerable to saltwater intrusion (Conner and Ozalp 2001). Many studies
have shown vegetative response to hurricane associated rainfall and increased inundation
and salinity from storm surge (Conner and Askew 1993, Conner 1994, Wainwright 1984,
Howard and Mendelssohn 1999, McLeod et al. 1999). However, limited information has
been reported on herpetofaunal response to these factors. Primary literature regarding the
response of reptile and amphibian communities to disturbance from hurricanes was
reported by Woolbright (1991, 1997), Joglar and Burrowes (1996), and Stallard (2001) in
the aftermath of Hurricane Hugo that made landfall in Puerto Rico in 1989. Hurricane
force winds also can create gaps in the overstory canopy when deadwood, standing snags,
and in some cases, living trees fall from the disturbance. This gap creation in forest
canopy and subsequent increase in downed woody debris also can influence
herpetofaunal communities (Greenberg 2001). All of these factors are especially
important in this study because of the island habitats involved.
Ponds, permanent and temporary, provide suitable habitat for breeding and larval
development (Pechmann et al. 2001). Permanent ponds and temporary ponds support
different amphibian communities, although some species may use both (Wellborn et al.
1996). Amphibians have very important functions in the food chains of aquatic and
4

terrestrial systems (Reaser 2000). Amphibians consume aquatic vegetation, as well as
invertebrates and other vertebrates, and in the absence of fish, are usually the top
predators in freshwater systems (Reaser 2000). Consequently, amphibians influence the
population dynamics of other organisms, as well as the cycling of nutrients and the flow
of energy (Reaser 2000). Semlitsch (1997) presented the idea of including terrestrial
“buffer zones” in delineation of habitats for pond breeding salamanders, because they
depend on aquatic and terrestrial habitats to complete their life cycle and maintain viable
populations. Because most amphibians depend on temporary wetlands during part of
their life stages, increased information is needed on amphibian use of these important
ecosystems. Additionally, historical and current losses of temporary wetlands increase the
need of wetland conservation, protection, and restoration. However, limited information
is available on amphibian and reptile communities of restored temporary wetlands of
island ecosystems. I conducted this study to ascertain herpetofaunal responses to
restoration of depressional wetlands on Pinckney Island that were ditched and drained
during the 1950’s. I measured the responses of plant, amphibian, and reptile communities
during pre- and post restoration periods to gain insight into wetland restoration effects.
Wetland restoration and the research discussed herein were funded by a grant from the
North American Wetlands Conservation Act that was developed by Allan Flock, Russell
Webb, and Sabrina Clark (the author) of the National Wildlife Refuge System (NWR),
U.S. Fish and Wildlife Service.
Therefore, this study addressed the following objectives:
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1) To measure and compare plant community characteristics in depressional
wetlands prior to and following restoration of historical hydrological regimes in
pine and maritime forest types,
2) To measure and compare reptile and amphibian species richness and relative
abundance in depressional wetlands prior to and following restoration of historical
hydrological regimes in pine and maritime forest types,
3) To report reptile and amphibian species in restored and unrestored depressional
wetlands in pine and maritime forest types, and provide a comprehensive species
list for Pinckney Island National Wildlife Refuge.
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CHAPTER II
STUDY AREA

Pinckney Island NWR was established December 4, 1975 (Figure 1). The 1,640-ha
refuge includes Pinckney Island, Corn Island, Big Harry and Little Harry Islands,
Buzzard Island and numerous small hammocks. Pinckney Island, the largest of the
islands, is approximately 486 ha in size and is open to public use. The refuge has been
open to the public since 1985 and is located 0.80 km west of Hilton Head Island, SC.
The island lies between Skull Creek (the Intracoastal Waterway) and Mackay Creek. The
island’s northern tip faces Point Royal Sound. Nearly 67% of the refuge consists of salt
marsh and tidal creeks. A wide variety of habitat types are found on Pinckney Island
including salt marsh, forestland, brushland, fallow fields, freshwater ponds, and
depressional wetlands. These habitats support a diversity of flora and fauna. Large
concentrations of White Ibis (Eudocimus albus), other herons (Ardea) and egrets
(Egretta), Osprey (Pandio haliaetus), and wading bird rookeries can be found on the
refuge. Two of the island’s permanent freshwater ponds were ranked in the top 20
wading bird colony sites of the South Carolina Coastal Plain during 1989 and 1996
(Savannah Coastal Refuges 2002).
From site inspections and a study of photographic records, a combination of
wetlands was anticipated to occur on Pinckney Island. Some pools would possibly retain
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water year round whereas others would function as seasonal wetlands. These wetlands
could provide for better distribution of freshwater for wildlife and restore habitat for
reptiles and amphibians, including many federally and state protected frog, salamander,
and turtle species. The area was visited by biologists from the USFWS Ecological
Services (ES) office in Charleston, SC for review as possible habitat for the endangered
flatwoods salamander (Ambystoma cingulatum). Initial reports from ES biologists
concluded that some areas were suitable, further emphasizing the importance of wetland
restoration. Although flatwoods salamanders were not known to exist on the island, the
area could qualify as a release site for establishing new populations after successful
wetland restoration. Aerial photographs indicated that most freshwater ponds and
ephemeral depressions on the island were ditched and drained in the 1950’s, presumably
for agricultural purposes. Remnants of these pools and ditches still existed and
occasionally contained surface water during high rainfall periods (USFWS unpublished
data). In a study of depressional wetlands at the Savannah River Site (SRS) near Aiken,
SC, Kirkman et al. (1996) found that agriculturally-disturbed wetlands eventually became
dominated by mixed hardwood/pine forests or were converted to pine plantations. In
remnant wetlands at Pinckney Island, observations indicated that non-native Chinese
tallow tree (Sapium sebiferum) dominated hardwood composition (USFWS, unpublished
data). Kirkman et al. (1996) also found that type of land use of depressional wetlands
prior to 1951 was determined by physical characteristics of the wetlands, such as
topographic position, size, and hydrologic features. Many temporary wetlands at
Pinckney Island were very shallow with little topographic relief, leaving little visible
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evidence of a wetland during dry conditions. Most ditches that drained the pools of
Pinckney Island were shallow and were likely dug by hand, whereas deep ditches up to
1.5 m deep were probably mechanically excavated (USFWS unpublished data).
When ditching of wetlands originally occurred, excavated spoil from most ditches was
deposited and located adjacent to drainage ditches. Thus, restoration was achieved by
plugging ditches with originally excavated substrate located near each drainage ditch.
Restoration efforts were expected to be completed by September 2004; however, as of
August 20, 2004, only eight sites had been restored due to site conditions, lack of
personnel, and weather (e.g., hurricanes and excessive rainfall). From August 13, 2004 to
August 29, 2004, study sites were influenced by three hurricanes (Charley, Gaston, and
Jeanne) and one Tropical Storm (Bonnie). These storms resulted in large amounts of
rainfall (22 cm) over a 16-day period caused flooding and downed trees that limited
access by wetland restoration crews (Allan Flock, pers.comm.).
When access was feasible in the following months, refuge staff used a rubber tire
backhoe loader to transport spoil adjacent to each ditch to fill the ditch in two different
locations: 1) at the highest point within the ditch based on an elevational survey grade
and 2) at a point where the drainage ditch departed the wetland depression. Restoration
was completed by Refuge staff in March 2005. Of a total of 50 pools, 20 pools (10 each
in maritime and pine-dominated habitats) were selected for inclusion in this study (Figure
2, Table 1).
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Figure 1. Pinckney Island National Wildlife Refuge, Beaufort County, South Carolina
(2003-2005).
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Figure 2. Location of study sites at Pinckney Island NWR, South Carolina (2003-2005).
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Table 1. Study sites selected and associated forest habitat type of study sites at Pinckney
Island NWR, South Carolina (2003-2005).
Maritime Forest Habitat
PK10
PK11
PK13
PK19
PK22
PK23
PK26
PK27
PK31
PK41
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Pine Forest Habitat
PK1
PK2
PK3
PK4
PK5
PK6
PK8
PK14
PK29
PK33

CHAPTER III
METHODS

Depressional wetlands were identified using a black and white aerial photograph from
1955. When comparing the 1955 photograph to a 2002 color infrared aerial photograph,
depressional areas had become overgrown with woody vegetation and there were obvious
ditches leading from each one. Using these maps, each depressional area was given an
identifier containing the letters PK and a number. An initial inventory of disturbed
wetland areas located using the aerial photography, produced approximately 50 potential
restoration sites. Each site was visited and inspected. During inspection photographs were
taken, habitat type and condition was recorded, presence or absence of water and/or
hydrophytic vegetation was noted, and suitability and accessibility for restoration was
determined. Habitat type was recorded for classification purposes and was determined by
the tree species that accounted for ≥ 50% of the overstory. Habitat type was listed as
either maritime forests or pine-dominated forests. Maritime forests occupy the barrier
islands and barrier shores of coastal areas (Porcher and Rayner 2001). The characteristic
species are a variety of salt-tolerant, evergreen trees and shrubs (Porcher and Rayner
2001). The dominant overstory species found in the maritime forest are live oak (Quercus
virginiana), Southern magnolia (Magnolia grandiflora), loblolly pine (Pinus taeda), and
laurel oak (Quercus laurifolia) (Porcher and Rayner 2001). The subcanopy consists of
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cabbage palmetto (Sabal palmetto), red bay (Persea borbonia), American holly (Ilex
opaca) and yaupon (Ilex vomitoria) (Porcher and Rayner 2001). For purposes of this
study, a combination of pine species were included in the pine-dominated habitat
category. Pine dominated forests in this study also have been categorized as pine
flatwoods which are dominated by a canopy of tall, longleaf pine (Pinus palustris),
although slash (Pinus elliotii) and loblolly pine (Pinus taeda; Porcher and Rayner 2001).
Understory in this habitat type consisted of black gum (Nyssa sylvatica ), wax myrtle
(Myrica cerifera), huckleberry (Gaylussacia frondosa), and broomstraws (Andropogon
spp.; Porcher and Rayner 2001). Another pine community found on Pinckney Island was
the pine/saw palmetto flatwoods. This habitat is common to Florida and Georgia with its
northern limit extending into Jasper and Beaufort counties, South Carolina (Porcher and
Rayner 2001). The canopy in pine/saw palmetto flatwoods consists of longleaf pine on
the ridges and slash pine and/ or pond pine in depressions (Porcher and Rayner 2001).
Saw palmetto (Serenoa repens) dominates the shrub layer (Porcher and Rayner 2001).
To determine if the site was suitable for restoration, I recorded presence of ditches,
and if the actual depression had been excavated. If ditches were present and the
depression remained intact, the site was considered suitable for restoration. Following
completion of this inventory, 20 sites, 10 sites in maritime forest habitats, and 10 sites in
pine-dominated habitats, were selected for restoration and study through stratified
random sampling (Dowdy and Wearden 1991).
Floral and faunal communities were measured pre and post-restoration treatment
(Table 2). Faunal sampling, focusing on herpetofaunal communities, was conducted
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using drift fences, funnel traps, sweep-netting for larvae, and time-constrained searches
of each sample site (Heyer et al. 1994). Amphibian species present within the pools were
determined by sweep netting in littoral zones of each pool containing standing water.
D-shaped nets with fine, nylon mesh were used to capture adult and larval amphibians
(Heyer et al. 1994). Sweep netting was conducted by two observers for a period of 15
minutes each yielding a collective sampling time period of 30 minutes per pool per
sampling period. Specimens collected were identified to species (Shaffer et al. 1994,
Heyer et al. 1994). The exact number of individuals was not recorded, as sweep netting
was used to determine species richness only. Incidental sightings and/or vocalizations of
species not yet observed with other sampling methods were recorded if encountered.
Drift fence and funnel traps were used, with each site having 30 m of drift fence and 6
funnel traps (Heyer et al.1994, Campbell and Christman 1982). Drift fences were
constructed of preassembled silt fence (1 m x 30 m; Dodd 2003). Cylinders of the funnel
traps were constructed of aluminum window screening rolled into a cylinder
approximately 70-cm long and 20-cm in diameter (Campbell and Christman 1982). The
throats of the funnels, also were made of aluminum screening and were placed on each
end of the cylinder and attached with binder clips for easy release of trapped specimens
(Figure 3; Campbell and Christman 1982). Two drift fence arrays were established on 2
pool sides, at least 3.5 m from the edge of each pool, so that the fence and funnels were
not located within the depression or inundated portion of the pool when surface water
was present. Each drift fence array was 15 m in length and contained 3 funnel traps.
Fencing was placed parallel to the pool on each side. One funnel each was placed
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approximately 1 m from both ends of the fencing on the pool side, with one funnel in the
center on the opposite side of the fence (Figure 4).

Figure 3. Funnel trap design used in conjunction with drift fences at Pinckney Island
NWR, South Carolina (2004-2005)

Figure 4. Sample site diagram showing layout of drift fences and vegetation transects at
Pinckney Island NWR, South Carolina (2004-2005)
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To increase the probability of animal capture, each funnel trap was placed adjacent to and
in full contact with the fencing and the ground using a wooden stake to secure it in place.
Wet sponges were placed inside funnels to prevent desiccation of trapped specimens
during dry periods. The throat of each funnel was camouflaged by placing leaves and
loose soil into the mouth creating a more natural entry (Campbell and Christman 1982).
Traps were inspected, contents recorded, and reset each day during each sampling period.
Funnels were removed when the traps were not in use to prevent passive capture. Timeconstrained searches were conducted twice at each site for a period of 30 minutes during
pre restoration and post-restoration periods. Two participants moved around the entire
pool perimeter within a 30 m radius of each site searching for surface active reptiles and
amphibians and looking under logs and brush recording each species and number of
individuals encountered. Animals detected per 30 minute search period were identified
and recorded by species and number of individuals (Conant and Collins 1998). To
ascertain species richness and abundance levels with 2 sampling methods, I combined all
animals captured or observed and their respective abundances detected by each method.
By using this combination, I was able to provide a more accurate community profile. No
additional species were documented using sweep netting or vocalizations, so they were
not included in analysis.
Habitat conditions that have been reported to influence species richness of pool
breeding amphibians were measured at each site (Heyer et al. 1994). Transects for
measuring vegetative conditions were placed between the drift fence and the pool to
record percent coverage of plant species present. Transects were 20 m in length with two
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transects at each site (Figure 4). Ground cover composition ≤ 1 m in height was recorded,
including bare ground, woody debris, and litter. Percent canopy coverage was measured
using a spherical densiometer (Higgins et al. 1996). The number of herbaceous and
woody species and percentage of area covered by each were divided into growth form
categories. The categories were as follows: forb, grass, legume, rush/sedge, shrub, tree,
vine, and non-native woody. Hydrologic measurements were recorded at each site where
water was present during pre- and post restoration. Salinity was recorded at each site to
determine influx of salt water through ditches as some were thought to fill during periods
of high tide. Water temperature was recorded simultaneously with salinity using a YSI 85
digital meter from YSI Incorporated. Water depth was calculated at the center of each
pool by recording readings from a permanently placed water gauge. The gauges,
purchased from Forestry Suppliers, Inc., were made of sheet metal and were attached to a
galvanized U-channel sign post driven into the ground in the center of the depression.
Climatological data was collected noting rainfall amounts, wind speeds and
direction, and ambient maximum and minimum temperatures. Rainfall was recorded
using a centrally located gauge on Pinckney Island located within 2.0 km of each site.
This information was reported in simple statistics and was used to qualitatively discuss
major differences in study years. Wind speed and direction, relative humidity, and water
and air temperature at time of sampling was recorded with a Belt Weather Kit at each
individual location.
Herpetofaunal data were tested for normality using the Shapiro-Wilk normality
test (Analytical Software 2000). Non-normal count data were transformed by square root
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to obtain normality (Dowdy and Weardon 1991). A repeated measures one-way analysis
of variance was used to detect differences in reptile and amphibian richness and
abundance of selected species before and after restoration and between habitat types
(SAS Institute 1999). A t-test was used to determine differences in amphibian and reptile
abundance and richness detected by each of the survey methods during pre- and post
restoration periods (SAS Institute 1999). A Type I error rate of 0.05 was used for
analyses.
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Table 2. Sampling schedule with measurement type and method used on wetland study sites
at Pinckney Island, South Carolina (2004-2005).
Measurement
Biotic Factors
Species Richness
and abundance

Method

Reference

Sampling Period

Drift Fence array
with 6 funnel
traps/site

Heyer et al. 1994

Sweep net
sampling

Heyer et al. 1994

Time-Constrained
Searches

Heyer et al. 1994,
Dodd 2003

June – August
2 trap nights/session
2 sessions/site/season
Pre and Post restoration
June – August
30 minutes/pool
1 sessions/site/season
Pre and Post restoration
September – November
30 minutes/site/season

Higgins et al. 1996

August
4 readings
1 average/site/season

- Midstory

Densiometer
readings - 4
cardinal directions
averaged together
Line intercept

Higgins et al. 1996
Hays et al. 1981

June – August
2 – 20 m transects/site

- Ground

Line transect

Heyer et al. 1994
Hays et al. 1981

June – August
2 – 20 m transects/site

Conant and Collins
1998
Dodd 2003
Heyer et al. 1994

Upon capture of each
specimen
Taken each morning
regardless of weather
condition

Belt weather kit

Dodd 2003
Heyer et al. 1994

Once at each site prior to
each sampling session

Combination
digital meter

Dodd 2003
Heyer et al. 1994

Once at each site prior to
each sampling session

Permanently
mounted gauge

Dodd 2003
Heyer at al. 1994

Once at each site prior to
each sampling session

Percent Coverage
- Overstory

Abiotic Factors
Species
Identification
- Rainfall

- Wind speed, Air
temperature, and
relative humidity
- Water temperature
and Salinity (if
applicable)
- Water depth (if
applicable)

Rain gauge
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CHAPTER IV
RESULTS

Herpetile Communities
During the study period, I recorded 14 reptile species (145 individuals) and 9
amphibian species (746 individuals; Table A.1., Appendix A) using time-constrained and
funnel trap methods. I detected 11 reptile species (110 individuals) and 8 amphibian
species (241 individuals) with time-constrained surveys; whereas, 9 reptile species (35
individuals) and 5 amphibian species (505 individuals) were captured in funnel traps
(Table A.2, Appendix A). Although my study area was located within the historical
distribution of the Flatwoods salamander (Ambystoma cingulatum), a federally threatened
species, I did not detect this species or any other state or federally listed species.
However, I recorded occurrence of Fowler’s toads (Bufo woodhousei) in pine habitats
following restoration. This finding constituted the first validated record of this species’
occurrence on Pinckney Island, SC (K. Dodd, pers. comm.).
Use of funnel trapping and time-constrained searches resulted in detection of a
similar number of amphibian species in the 2 major habitat types (Figure 5, Table 3). Of
9 amphibian species detected, 6 species ( x = 3.1 species/pool, SE = 0.28) occurred in
pools surrounded by pine forests. There also were 6 species ( x = 3 species/pool, SE =
0.30) associated with pools surrounded by maritime forests. Thus, I detected no
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differences in amphibian species richness between the 2 habitat types (F1,18= 1.01 ; P =
0.33). There were 6 species ( x = 2.25, SE =0.20) recorded prior to restoration and 7 ( x =
2.05, SE = 0.18) species found after restoration. Amphibian species richness before
restoration was similar to that observed after restoration (F1,18= 0.12; P = 0.73).
Overall reptile species richness was 14 ( x = 1.94 individuals/pool, SE= 0.31)
(Figure 6, Table 3). I detected 8 species ( x = 3.2 species/pool, SE = 0.33) in pine habitats
and 7 species ( x = 2.9 species/pool, SE = 0.53) in maritime habitats. Species richness of
reptiles was similar between the 2 habitat types (F1,18= 0.58; P=0.46). Nine reptile species
were recorded in pre- restoration ( x = 0.75 species/pool, SE = 0.22) and post- restoration
periods ( x = 0.9 species/pool, SE = 0.20) (F1,18= 0.81; P = 0.3800).
Total amphibian abundance was 746 in the 2 habitat types during pre- and postrestoration study periods with a mean of 18.65 (SE = 3.12) individuals detected per pool
(Figure 7, Table 4). I recorded 537 ( x = 26.85 individuals/pool, SE = 5.38) individuals in
pools of pine forest habitats and 209 ( x = 10.45 individuals/pool, SE = 1.86) individuals
in maritime forest habitats (F1,18= 5.48; P =0.031). I detected 341 individuals ( x = 17.05
individuals/pool, SE = 4.88) in pools prior to restoration and 405 ( x = 20.25
individuals/pool, SE = 3.92) after restoration (F1,18= 0.52; P = 0.48).
Overall reptile abundance was 145 in both habitat types during pre- and postrestoration periods ( x = 3.63 individuals/pool, SE = 0.44) (Figure 8, Table 4). During the
study, I recorded 62 individuals ( x = 3.1 individuals/pool, SE = 0.54) in maritime
habitats and 83 ( x = 4.15 individuals/pool, SE = 0.67) individuals in pine habitats.
28

Reptile abundance was similar in maritime and pine-dominated habitats (F1,18= 1.14; P =
0.30). I recorded 72 individuals ( x = 3.6 individuals/pool, SE = 0.69) in surveys
conducted prior to restoration, and 73 ( x = 3.65 individuals/pool, SE = 0.55) individuals
following restoration. No difference in reptile abundance was found between prerestoration and post- restoration periods in the 2 habitats (F1,18= 0.00; P = 0.9503).
When species richness and abundance was analyzed separately between timeconstrained and funnel trap methods, there were no differences detected with data from
funnel traps only. The analysis of only funnel trap captures, produced no significant
differences in reptile abundance before and after restoration (t18 = 0.93; P = 0.367), in
reptile richness before and after restoration (t18 = 0.59; P = 0.562), in amphibian
abundance before and after restoration (t18 = -0.44; P = 0.662), or in amphibian richness
before and after restoration (t18 = -0.81; P = 0.428). Data from time-constrained surveys
exhibited differences in reptile species richness and amphibian species richness between
pre- and post- restoration surveys. Using time-constrained surveys, I detected 5
amphibian species (72 individuals) prior to restoration and 7 amphibian species (169
individuals) following restoration (Table 5). Amphibian species richness detected using
time-constrained surveys during pre- restoration sampling differed from species richness
detected the same method during post- restoration sampling (t18 = - 4.82; P < 0.001).
Reptile species richness detected using time-constrained surveys consisted of 6 reptile
species (57 individuals) prior to restoration and 9 reptile species (53 individuals) post
restoration (t18 = - 2.36; P = 0.029). Abundance of reptiles did not differ during pre- and
post- restoration treatments using only time-constrained searches (t18 = 0.29; P = 0.77).
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Abundance of amphibians prior to restoration did not differ from amphibian abundance
during post- restoration (t18 = -1.99; P = 0.061). A complete list of reptile and amphibian
species found in pine and maritime habitats during pre- and/or post- restoration periods
are summarized in Table 6.
Of the species detected, 5 species were detected with more than 20 individuals.
These species included ground skink (Scincella lateralis), green anole (Anolis
carolinensis), Eastern narrowmouth toad (Gastrophryne carolinensis), Southern leopard
frog (Rana sphenocephala), and Eastern spadefoot toad (Scaphiopus holbrooki).
Individuals of these 5 species accounted for 92% of the total number of individuals
detected during the study. Ground skinks and green anoles accounted for 73% (106
individuals) of the total number of reptiles observed and Eastern narrowmouth toads,
Southern leopard frogs, and Eastern spadefoot toads accounted for 95% (712 individuals)
of the amphibians detected. I detected 41 ground skinks ( x = 2.1 individuals/pool, SE =
0.80) in pine habitats and 25 ( x = 1.25 individuals/pool, SE = 0.58) in maritime habitats
(Figure 9, Figure 10, Table 7). Abundance of ground skinks was similar between the 2
habitats (F1,18 = 0.97; P = 0.338). Abundance also was similar for green anoles in pine
and maritime forest types (F1,18 = 0.25; P= 0.6219), with 18 ( x = 0.9 individuals/pool,
SE = 0.29) green anoles in pine habitats and 22 ( x = 1.1 individuals/pool, SE = 0.49) in
maritime habitats. There were 231 ( x = 11.55 individuals/pool, SE = 4.86) Eastern
narrowmouth toads found in pine habitats and 95 ( x = 4.75 individuals/pool, SE = 1.35)
in maritime habitats (F1,18 =3.01; P = 0.01). A total of 270 ( x = 13.5 individuals/pool,
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SE = 4.65) Southern leopard frogs were found in pine habitats and 92 ( x = 4.6
individuals/pool, SE = 1.78) in maritime habitats. There was no significant difference for
Southern leopard frogs between the 2 habitat types (F1,18 = 4.13; P = 0.0573). There were
16 ( x = 0.8 individuals/pool, SE = 0.58) Eastern spadefoot toads found in pine habitats
and 8 ( x = 0.4 individuals/pool, SE = 0.28) individuals found in maritime habitats.
There was no significant difference in abundance found for Eastern spadefoot toads
between the two habitat types (F1,18 = 0.85; P = 0.3696).
Thirty-seven ( x = 1.85 individuals/pool, SE = 0.84) ground skinks were found
prior to restoration, whereas 29 ( x = 1.45 individuals/pool, SE = 0.53) were found during
post- restoration sampling (F1,18 = 0.45; P = 0.51) (Figure 9, Figure 10, Table 8). There
were 24 ( x = 1.2 individuals/pool, SE = 0.49) green anoles found before restoration and
16 ( x = 0.8 individuals/pool, SE = 0.28) recorded after restoration (F1,18 = 0.97; P =
0.34). Numbers of eastern narrowmouth toads detected totaled 154 ( x = 7.7
individuals/pool, SE = 2.66) before pool restoration; whereas, 172 animals ( x = 8.6
individuals/pool, SE = 4.55) were detected after restoration (F1,18 = 0.07 ; P = 0.79).
There were 139 ( x = 6.95 individuals/pool, SE = 3.73) Southern leopard frogs observed
prior to restoration and 223 ( x = 11.15 individuals/pool, SE = 3.76) after restoration
(F1,18 = 3.00; P = 0.10). One spadefoot toad ( x = 0.05 individuals/pool, SE = 0.07) was
observed prior to restoration, whereas 23 individuals ( x = 1.15 individuals/pool, SE =
0.59) were found after restoration (F1,18= 7.03; P = 0.0163).
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Rainfall and Habitat
Monthly rainfall amounts recorded at Pinckney Island NWR from 2003-2005 can
be found in Table 9. Yearly totals from 2003 - 2005 were 124.33 cm, 72.52 cm, and
142.14 cm, respectively.
Ten pools retained surface water during either pre- or post- restoration periods
(Figure 11, Table 12). Seven of those pools contained water prior to restoration, with the
remaining 3 pools filling after restoration was completed. Mean water depth prior to
restoration was 27.57 cm (SE = 8.2). Mean water depth after restoration was completed
was 53.27 cm (SE = 3.5). Water depth prior to restoration ranged from no water to 66 cm.
After restoration was completed, water depth ranged from 25.4 to 60 cm. Seven of the
pools that held water were located in pine-dominated habitats, with the remaining 3 pools
located in maritime habitats. Two of the 3 maritime pools with surface water did not
retain water until restoration was completed. All but one of the pine-dominated pools
held water in both pre- and post- restoration periods (Figure 11, Table 12). Following
restoration and spring rainfall events, surface area of water was <1 ha in all restored
pools.
Salinity levels were similar and ≤ 0.1 ppt in all pools but one (Figure 12, Table
13). The one pool that exhibited greater than 0.1 ppt was PK 33, located in a pine forest
habitat. This pool was characterized by salinity levels of ≥ 9.4 ppt during pre- and postrestoration (Figure 12, Table 13). Mean salinity prior to restoration was 1.19 ppt (SE =
1.09), and 0.96 ppt (SE = 0.89) after restoration was complete. Salinity prior to
restoration ranged from 0.01 ppt to 11.4 ppt. Salinity after restoration was complete
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ranged from 0.01 ppt to 9.4 ppt, with pool PK33 exhibiting the greatest salinity during
pre- and post- restoration periods.
Mean canopy coverage prior to restoration was 91.79 (SE = 1.05) and 92.38 (SE =
1) after restoration was completed (Table 14). Mean canopy coverage in maritime
habitats prior to restoration was 93.50 (SE = 1.48) and 93.83 (SE = 1.46) after restoration
(Figure 13). In pine habitats mean canopy coverage was 90.08 (SE = 1.37) prior to
restoration and 90.03 (SE = 1.29) after restoration.
Forbs had the greatest mean percent coverage in maritime habitats, with an
average of 20.22% (SE= 5.74%) covered during the pre- restoration sampling period
(Table 15). During the post- restoration sampling period in maritime habitats, forbs
exhibited the greatest mean percent coverage with 9.84% (SE= 4.12%). In pine forest
habitats, grasses had the greatest mean percent coverage with 11.86% (SE= 3.56%),
during pre- restoration sampling and post- restoration sampling (4.96%, SE= 4.22%).
Mean percent coverage of woody vegetation categorized by growth form can be
found in Table 16. In maritime habitats, shrubs had the greatest mean percent coverage
during pre- restoration periods with 20.51% (SE= 4.07%). During post- restoration
sampling periods, trees had the greatest percent coverage in maritime habitats (15.98%,
SE= 5.56%). Trees also had the greatest percent coverage in pine habitats during the preand post- restoration sampling periods, with 11.96% (SE= 3.04%) and 5.29% (SE=
3.50%), respectively.
The greatest number of plant species in maritime habitats were forbs (5 species)
prior ( x = 2.7, SE= 0.47) to and after ( x = 1.6, SE= 0.50) restoration (Table 17). In pine
33

habitats, forbs also had the greatest number of species with 7 ( x = 3.7, SE= 0.70) prior to
restoration. After restoration was complete, herbaceous species numbers were ≤ 2 species
in each of the 3 growth form categories: grasses, forbs, and rush/sedge (Table 17). Tree
species richness was greatest in maritime habitats (4 species, x = 2.1, SE= 0.43) and pine
(5 species, x = 2.6, SE= 0.40) habitats prior to restoration. After restoration was
complete, maritime habitats had more tree species (4 species, x = 1.4, SE= 0.45) than
other categories. Pine-dominated habitats had 3 species each in the tree and the shrub
categories (Table 18).
When comparing growth form data within pine and maritime habitats between
pre- and post- restoration periods, I determined the species that dominated each growth
form category during the respective sampling periods and habitats. In maritime habitats,
dog fennel (Eupatorium capillifolium) was the dominant forb, covering 52% of the
transect prior to restoration and 65% coverage after restoration. The dominant grass
found in maritime habitats was Dicanthelium spp. with 84% coverage before restoration
and 48% coverage after restoration. In the sedge/rush growth form classification, soft
rush (Juncus effusus) was dominant in maritime forests pre- and post- restoration with
47% coverage and 73% coverage, respectively. Yaupon (Ilex vomitoria) was the
dominant shrub in maritime habitats before and after restoration (56% coverage and 51%
coverage, respectively). The tree with the greatest coverage along transects in maritime
forests before and after restoration was cabbage palm (Sabal palmetto), with 78%
coverage and 77% coverage, respectively. Wild grape (Vitis spp.) comprised the greatest
coverage (> 60%) in maritime forests during pre- and post- restoration periods. Chinese
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tallow tree (Sapium sebiferum) was the only species classified in the non-native woody
growth form category in maritime and pine forests pre- and post- restoration. In maritime
and pine habitats during pre- and post- restoration, Sesbania (Chamaecrista exaltata),
was the only legume recorded. In pine habitats prior to restoration, dog fennel
(Eupatorium capillifolium) and smartweed (Polygonum hydropiperoides) each totaled
26% of forbs found on transects. After restoration, fireweed (Erechtites hieracifolia) was
the dominant forb (51% coverage) in pine habitats. Rice cut grass (Leersia oryzoides)
was the dominant grass in pine habitats before (66% coverage) and after (80% coverage)
restoration. Chameacrista exaltata was the only legume found in pine forests prior to
restoration. There were no legumes found in pine habitats after restoration. Chinese
tallow tree (Sapium sebiferum), the only non-native woody plant recorded in pine
habitats, averaged 10.10% coverage during pre- restoration sampling periods and 2.36 %
during post- restoration sampling periods. Hop sedge (Carex lupulina) covered 49% of
the transects in pine habitats prior to restoration and beakrushes (Rhynchospora spp.)
covered 52% after restoration. Yaupon (Ilex vomitoria) was the dominant shrub in pine
forests before (90% coverage) and after (43% coverage) restoration. The dominant tree
species found in pine habitats prior to restoration was cabbage palm (Sabal palmetto;
63% coverage) and pines (Pinus spp.; 61% coverage) after restoration. Trumpet creeper
(Campsis radicans) was the dominant vine before restoration (66% coverage) whereas
greenbriars (Smilax spp.) dominated the vine category after restoration (96% coverage).
Duckweed (Lemna spp.) and Mosquito fern (Azolla caroliniana) were present offtransect in flooded pools.
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Figure 5. Amphibian species richness in pine and maritime forests during pre- and postrestoration periods at Pinckney Island NWR, South Carolina (2004-2005).
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Figure 6. Reptile species richness in pine and maritime forests during pre- and postrestoration periods at Pinckney Island NWR, South Carolina (2004-2005).
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Figure 7. Amphibian species abundance in pine and maritime forests during pre- and
post- restoration periods at Pinckney Island NWR, South Carolina (2004-2005).
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Figure 8. Reptile species abundance in pine and maritime forests during pre- and postrestoration periods at Pinckney Island NWR, South Carolina (2004-2005).
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Figure 9. Mean abundance of reptile and amphibian species with 20 or more captures
recorded in pine and maritime habitats at Pinckney Island NWR, South
Carolina (2004-2005).
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Figure 10. Mean abundance of reptile and amphibian species with 20 or more captures
recorded during pre- and post- restoration periods at Pinckney Island NWR,
South Carolina (2004-2005).
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Figure 11. Depth in centimeters recorded in pools containing water during pre- and/or
post- restoration periods at Pinckney Island NWR, South Carolina (2004 –
2005).
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Figure 12. Salinity in parts per thousand (ppt) recorded in pools containing water during
pre- and/or post- restoration periods at Pinckney Island NWR, South Carolina
(2004 – 2005).
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Figure 13. Mean canopy coverage in pine and maritime habitats during pre- and postrestoration periods at Pinckney Island NWR, South Carolina (2004 – 2005).
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Table 3. Total and mean reptile and amphibian species richness observed at Pinckney
Island NWR, South Carolina (2004-2005)

Sampled Pool Sites
All Pools (N=40)
Pine Pools (N=20)
Pre- restoration (N=10)
Post- restoration (N=10)
Maritime Pools (N=20)
Pre- restoration (N=10)
Post- restoration (N=10)
Pre- Restoration Period (N = 20)
Post- Restoration Period (N = 20)

Reptiles
14
8
7
9
7
7
7
9
9

Species Richness
Mean
Amphibians
1.94
9
3.2
6
2.0
5
2.3
6
2.9
6
1.6
5
2.0
6
0.75
6
0.9
7

Mean
2.6
3.1
2.5
2.9
3
2.5
2.3
2.25
2.05

Table 4. Total and mean reptile and amphibian species abundance observed at Pinckney
Island NWR, South Carolina (2004-2005)

Sampled Pool Sites
All Pools (N=40)
Pine Pools (N=20)
Pre- restoration (N=10)
Post- restoration (N=10)
Maritime Pools (N=20)
Pre- restoration (N=10)
Post- restoration (N=10)
Pre- Restoration Period (N = 20)
Post- Restoration Period (N = 20)

Reptiles
145
83
39
44
62
33
29
72
73
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Species Abundance
Mean
Amphibians
3.63
746
4.15
537
3.9
249
4.4
288
3.1
209
3.3
92
2.9
117
3.6
341
3.65
405

Mean
18.65
26.85
24.9
28.8
10.45
9.2
11.7
17.05
20.85

Table 5. Total number of herpetile species and mean abundance detected over all pools
using two survey methods during pre- and post- restoration periods at Pinckney
Island NWR, South Carolina (2004 – 2005).
Pre- restoration
Order Crocodilia (Alligators)
Alligator mississippiensis
Alligator, American
Order Squamata
Suborder Serpentes (Snakes)
Agkistrodon contortrix
Copperhead, Southern
Agkistrodon piscivorus
Cottonmouth, Eastern
Cemophora coccinea
Snake, Scarlet
Coluber constrictor
Racer, Black
Nerodia fasciata
Snake, Banded Water
Thamnophis sauritus
Snake, Eastern Ribbon
Thamnophis sirtalis
Snake, Eastern Garter
Suborder Lacertilia (Lizards)
Anolis carolinensis
Anole, Green
Eumeces fasciatus
Skink, Five-lined
Eumeces inexpectatus
Skink, Southeastern Five-lined
Eumeces laticeps
Skink, Broadhead
Scincella lateralis
Skink, Gound
Order Testudines (Turtles)
Terrapene carolina
Turtle, Eastern Box
Order Anura (Frogs and Toads)
Bufo terrestris
Toad Southern
Bufo woodhousei
Toad, Fowler’s
Gatrophyrne carolinensis
Toad, Eastern Narrowmouth
Hyla cinerea
Treefrog, Green
Hyla squirella
Treefrog, Squirrel
Hyla versicolor
Treefrog, Gray
Rana sphenocephala
Frog, Leopard
Scaphiopus holbrooki
Toad, Eastern Spadefoot
Order Caudata (Salamanders)
Stereochilus marginatus
Salamander, Many-lined

Post- restoration

Funnel

Time-constrained

Funnel

Time-constrained

0

0

0

1

0

1

0

0

0

0

0

1

1

0

0

0

3

1

2

3

0

1

0

0

1

0

0

0

0

0

3

1

1

19

5

15

4

1

4

4

0

0

1

0

2

0

2

1

3

34

3

26

0

0

0

1

0

0

0

1

0

0

0

9

152

1

153

20

7

1

6

1

0

1

5

2

1

0

0

0

100

68

71

123

1

0

10

13

0

1

0

0
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Table 6. Reptile and amphibian species found in pine and maritime habitats during preand post- restoration periods at Pinckney Island NWR, South Carolina (20042005).
Pre- restoration
Scientific Name
Order Crocodilia (Alligators)
Alligator mississippiensis
Alligator, American
Order Squamata
Suborder Serpentes (Snakes)
Agkistrodon contortrix
Copperhead, Southern
Agkistrodon piscivorus
Cottonmouth, Eastern
Cemophora coccinea
Snake, Scarlet
Coluber constrictor
Racer, Black
Nerodia fasciata
Snake, Banded Water
Thamnophis sauritus
Snake, Eastern Ribbon
Thamnophis sirtalis
Snake, Eastern Garter
Suborder Lacertilia (Lizards)
Anolis carolinensis
Anole, Green
Eumeces fasciatus
Skink, Five-lined
Eumeces laticeps
Skink, Broadhead
Eumeces inexpectatus
Skink, Southeastern Five-lined
Scincella lateralis
Skink, Ground

Maritime

Pine

Order Caudata (Salamanders)
Stereochilus marginatus
Salamander, Many-lined

Pine
X

X
X
X
X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

Order Testudines (Turtles)
Terrapene Carolina
Turtle, Eastern Box
Order Anura (Frogs and Toads)
Bufo terrestris
Toad, Southern
Bufo woodhousei
Toad, Fowler’s
Gastrophryne carolinensis
Toad, Eastern Narrowmouth
Hyla cinerea
Treefrog, Green
Hyla squirella
Treefrog, Squirrel
Hyla versicolor
Treefrog, Gray
Rana sphenocephala
Frog, Leopard
Scaphiopus holbrooki
Toad, Eastern Spadefoot

Post- restoration
Maritime

X

X

X

X
X
X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X
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Table 7. Abundance and mean abundance of reptile and amphibian species with 20 or
more captures recorded in pine and maritime habitats at Pinckney Island NWR,
South Carolina (2004-2005).
Species
Scincella lateralis
Anolis carolinensis
Gastrophryne carolinensis
Rana sphenocephala
Scaphiopus holbrooki

Pine Pools (N=10)
Abundance
Mean
41
2.05
18
0.9
231 11.55
270
13.5
16
0.8

Maritime Pools (N=10)
Abundance
Mean
25
1.25
22
1.1
95
4.75
92
4.6
8
0.4

Table 8. Abundance and mean of reptile and amphibian species with 20 or more captures
recorded during pre- and post- restoration treatment at Pinckney Island NWR,
South Carolina (2004-2005).
Species
Scincella lateralis
Anolis carolinensis
Gastrophryne carolinensis
Rana sphenocephala
Scaphiopus holbrooki

Pre- restoration (2004)
Abundance
Mean
37
1.85
24
1.2
154
7.7
139
6.95
1
0.05
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Post- restoration(2005)
Abundance
Mean
29
1.45
16
0.8
172
8.6
223 11.15
23
1.15

Table 9. Rainfall totals (cm) per month at Pinckney Island NWR, South Carolina (20032005).

January
February
March
April
May
June
July
August
September
October
November
December
TOTAL

2003*
1.85
8.89
15.49
12.55
26.77
10.01
17.37
14.43
4.52
8.43
2.41
1.60
124.33

2004*
1.14
5.23
0.13
3.73
15.24
10.03
7.01
14.12
6.15
5.05
2.79
1.88
72.52

2005*
3.38
5.56
24.16
7.87
12.93
14.66
13.54
16.74
0.00
27.20
10.21
5.89
142.14

Normal**
7.85
8.05
9.73
8.03
11.73
14.45
18.72
16.89
13.18
5.77
4.80
7.04
126.24

*Pinckney Island Rain Gauge
**30 year average, National Weather Service, Savannah, GA
Table 10. Accumulated rainfall (cm) during summer at Pinckney Island NWR, South
Carolina (2003-2005).

June
July
August
TOTAL

2003*
10.01
17.37
14.43
41.81

2004*
10.03
7.01
14.12
31.17

2005*
14.66
13.54
16.74
44.93

Normal**
14.45
18.72
16.89
50.06

*Pinckney Island Rain Gauge
**30 year average, National Weather Service, Savannah, GA
Table 11. Accumulated rainfall (cm) during fall at Pinckney Island NWR, South Carolina
(2003-2005).

2003*
September
October
November
TOTAL

4.52
8.43
2.41
15.37

2004*
6.15
5.05
2.79
14.00

2005*
0.00
27.20
10.21
37.41

Normal**
13.18
5.77
4.80
23.75

*Pinckney Island Rain Gauge
**30 year average, National Weather Service, Savannah, GA
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Table 12. Water depth (cm) of each pool where water was present during pre- and/or
post- restoration treatments at Pinckney Island NWR, South Carolina (20042005).
Habitat
PK1
PK2
PK3
PK4
PK5
PK6
PK8
PK10
PK11
PK13
PK14
PK19
PK22
PK23
PK26
PK26
PK27
PK29
PK31
PK33
PK41

Pine
Pine
Pine
Pine
Pine
Pine
Pine
Maritime
Maritime
Maritime
Pine
Maritime
Maritime
Maritime
Maritime
Maritime
Maritime
Pine
Maritime
Pine
Maritime

46

Prerestoration
(2004)
45.72
10.16
66.04
0
0
50
60
0
0
0
0
0
17.78
0
0
0
0
0
0
26
0

Postrestoration
(2005)
60
25.4
60
45.72
0
60
60
0
0
0
0
0
60
0
0
0
0
0
60
53.34
48.26

Table 13. Salinity in parts per thousand (ppt) of each pool where water was present
during pre- and/or post- restoration treatments at Pinckney Island NWR, South
Carolina (2004-2005).

PK1
PK2
PK3
PK4
PK6
PK8
PK22
PK31
PK33
PK41

Habitat type
Pine
Pine
Pine
Pine
Pine
Pine
Maritime
Maritime
Pine
Maritime

Prerestoration
(2004)
0.02
0.01
0.02
n/a
0.1
0.1
0.1
n/a
11.5
n/a

Postrestoration
(2005)
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.09
9.4
0.01

Table 14. Percent canopy coverage recorded at each pool in maritime and pine habitats
during pre- and post- restoration periods at Pinckney Island NWR, South
Carolina (2004-2005).

PK1
PK2
PK3
PK4
PK5
PK6
PK8
PK10
PK11
PK13
PK14
PK19
PK22
PK23
PK26
PK27
PK29
PK31
PK33
PK41

Habitat type
pine
pine
pine
pine
pine
pine
pine
maritime
maritime
maritime
pine
maritime
maritime
maritime
maritime
maritime
pine
maritime
pine
maritime
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Prerestoration
89.75
93.5
90
85.75
88.5
89.5
93.75
93.75
98
94.75
85.5
81.75
95.75
96.5
97
93.5
85.5
93.75
99
90.25

Post restoration
91
96.5
91.5
88.5
88.5
91.75
93
93.75
98
94.75
85.5
81.75
96.75
96.5
97
93.5
85.5
93.75
97.5
92.5

Table 15. Percent coverage of herbaceous vegetation by growth form found in pine and maritime habitats during pre- and
post- restoration periods at Pinckney Island NWR, South Carolina (2004-2005).

Forb
Maritime
Mean
SE
Range
Pine
Mean
SE
Range

Grass

Legume

Rush/sedge
Pre
Post

Pre

Post

Pre

Post

Pre

Post

20.22%
5.74%
0 - 50.00%

9.84%
4.12%
0.36 - 36.84%

3.17%
2.43%
0 - 24.72%

6.22%
2.71%
0 - 26.94%

0.05%
0.05%
0 - 0.46%

0.06%
0.06%
0 - 0.55%

1.08%
0.55%
0 - 4.26%

1.66%
1.11%
0 - 9.54%

8.49%
2.89%
0 - 28.04%

2.65%
1.94%
0 - 19.51%

11.86%
3.56%
0.58 - 39.93%

4.96%
4.22%
0.65 - 42.49%

0.53%
0.50%
0 - 0.03%

0.00%
0.00%
0.00%

5.75%
2.51%
0 - 23.22%

0.17%
0.17%
0 - 1.71%
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Table 16. Percent coverage of woody vegetation by growth form found in pine and maritime habitats during pre- and postrestoration periods at Pinckney Island NWR, South Carolina (2004-2005).

Shrub
Maritime
Mean
SE
Range
Pine
Mean
SE
Range

Tree

Vine

Non-native Woody
Pre
Post

Pre

Post

Pre

Post

Pre

Post

20.51%
4.07%
0 - 40.94%

12.30%
3.46%
0 - 28.16%

18.55%
5.12%
0 - 44.76%

15.98%
5.56%
0 - 45.58%

1.47%
0.64%
0 - 6.13%

0.67%
0.37%
0 - 3.54%

8.03%
2.93%
0 - 30.00%

6.90%
2.85%
0 - 26.32%

8.53%
4.09%
0 - 43.13%

3.50%
2.13%
0 - 17.89%

11.96%
3.04%
0.33 - 29.91%

5.29%
3.50%
0 - 33.33%

0.73%
0.33%
0 - 3.39%

0.19%
0.18%
0 - 1.79%

10.10%
3.74%
0 - 39.39%

2.36%
1.63%
0 - 8.94%

Table 17. Number of herbaceous species detected by growth form found in pine and
maritime habitats during pre- and post- restoration periods at Pinckney Island
NWR, South Carolina (2004-2005).

Forb
Maritime
Mean
Mode
SE
Range
Pine
Mean
Mode
SE
Range

Grass

Legume
Post

Rush/sedge
Pre
Post

Pre

Post

Pre

Post

Pre

2.7
3
0.47
0-5

1.6
2
0.50
0-5

0.5
1
0.17
0-1

0.9
1
0.28
0–3

0.1
0
0.10
0-1

0.1
0
0.10
0-1

0.8
1
0.39
0–3

0.7
2
0.37
0-3

3.7
2
0.70
1-7

0.4
1
0.22
0-2

2.1
2
0.43
1-5

0.4
1
0.22
0–2

0.3
1
0.15
0-1

0
0
0.00
0

1.7
1
0.42
0–4

0.2
0
0.20
0-2

Table 18. Number of woody species detected by growth form found in both pine and
maritime habitats during pre- and post- restoration periods at Pinckney Island
NWR, South Carolina (2004-2005).

Shrub
Maritime
Mean
Mode
SE
Range
Pine
Mean
Mode
Std dev
Range

Tree

Vine

Non-native Woody
Pre
Post

Pre

Post

Pre

Post

Pre

Post

1.7
2
0.26
0-3

1.3
2
0.34
0-3

2.1
3
0.43
0-4

1.4
2
0.45
0–4

1.1
2
0.35
0-3

0.7
1
0.34
0-3

0.7
1
0.15
0–1

0.5
1
0.17
0-1

1.3
1
0.30
0-3

0.6
0
0.34
0-3

2.6
3
0.40
0-5

0.6
0
0.34
0–3

1.5
1
0.45
0-4

0.3
0
0.21
0-2

0.9
1
0.10
0-1

0.2
0
0.13
0-1
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CHAPTER V
DISCUSSION

Prior to this research, there had been no comprehensive survey of herpetofauna
species at Pinckney Island National Wildlife Refuge. The species recorded during this
study will be compiled into a listing that will be provided to visitors of Pinckney Island
NWR. Refuge staff will protect and retain restored and existing pools to conserve
amphibians, reptiles, and other wildlife, and to provide needed groundwater recharge in
this coastal environment. This study provided more justification for protection and
restoration of wetlands at the refuge by identifying the indigenous reptile and amphibians
and recording their use by pool-breeding amphibians. These wetland areas also may
provide relocation and propagation sites for the federally threatened flatwoods
salamander (Ambystoma cingulatum). According to habitat descriptions provided by
Petranka (1998), pools that would be adequate for supporting flatwoods salamanders are
now in greater abundance following restoration at Pinckney Island. In the future, these
rare salamanders could benefit from the increased availability of pools across the island
landscape and the subsequent greater connectivity between restored wetlands. According
to Semlitsch and Bodie (1998), increased connectivity and pool availability is essential
for long term survival and recruitment in many pool-breeding amphibians, especially
salamanders.
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When designing this study, several sampling methods were considered to detect
the greatest number of herpetile species. Based on recommendations provided by Heyer
et al. (1994), I determined that time-constrained searches and drift fences with funnel
traps would be the most appropriate and would provide a comprehensive account of the
species found at each sample site. Funnel traps were used instead of pitfall traps due to
the high water table and significant cultural resources that may have been disturbed while
digging pits on the island. Sampling methods did not yield any differences in number of
amphibian and reptile species detected. However, some species were not easily captured
by funnel traps. For example, green anoles (Anolis carolinensis) did not appear to be
vulnerable to capture in funnel traps, but were easily detected using time-constrained
surveys. Time-constrained surveys also were more efficient in detecting ground skinks
(Scincella lateralis). These 2 reptile species tend to be more terrestrial, spending most of
their time searching for insects in litter on the forest floor. These habits make them less
susceptible to capture using funnel traps, because the funnel traps were associated more
closely with the wetland and not its surrounding habitat. Time-constrained searches
covered a more broad area around the wetland allowing for the detection of more
terrestrial species. Other species that were not vulnerable to capture by funnel traps
included turtles and terrapenes and selected snake species. Thus, I submit that funnel
traps did not result in detection of the entire reptile and amphibian community present at
my study sites.
Funnel traps were more efficient for trapping Eastern narrowmouth toads
(Gastrophryne carolinensis) than time-constrained surveys. According to Conant and
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Collins (1998), margins of bodies of water are good places to find narrowmouth toads.
Because the funnel trap and drift fence arrays skirted the wetland margin, this would
explain why I was able to document so many individuals using that method compared to
using time-constrained surveys. Leopard frogs seemed to be consistently detected using
both methods. Found in all types of water, even sometimes entering slightly brackish
marshes, leopard frogs also tend to venture well away from water when vegetation
provides shelter and shade (Conant and Collins 1998), allowing them to be easily
recorded using both methods. Eastern spadefoot toads (Scaphiopus holbrooki) were
consistently found with both methods, but only during post- restoration sampling. This is
most likely due to the fact that they are seldom seen, emerging from their burrows only
after heavy rains or lengthy wet periods (Conant and Collins 1998), like those conditions
found during the 2005 sampling season. Anurans were typically more vulnerable to
capture along drift fences due to their dependence on pools for breeding (Conant and
Collins 1998). Thus, I was able to intercept individual animals as adults moving into the
pool for breeding or as metamorphs departing the pools after maturation. I concur with
other researchers that have reported greater capture potential of pool-breeding
amphibians around breeding or natal pools (Heyer et al. 1994).
There were a total 6 amphibian species found in maritime forest habitats, 5
species prior to restoration and 6 species after restoration. One Southern toad was found
during time-constrained surveys in maritime habitats after restoration. The other 5 species
found in maritime habitats during pre- and post- restoration periods were Eastern
narrowmouth toad, green treefrog (Hyla cinerea), squirrel treefrog (H. squirella),
52

Southern leopard frog, and Eastern spadefoot toad. The 5 amphibian species documented
in pine habitats prior to restoration were Eastern narrowmouth toad, green treefrog,
Southern leopard frog, Eastern spadefoot toad, and many-lined salamander (Stereochilus
marginatus). The 6 amphibians found in pine habitats after restoration was complete
were Fowler’s toad, Eastern narrowmouth toad, green treefrog, gray treefrog (Hyla
versicolor), Southern leopard frog, and Eastern spadefoot toad. All of the species tend to
be habitat generalists with the main requirement being presence of water; therefore there
were not many differences between habitats and restoration periods. The main difference
was between number of individuals after restoration was complete, which can likely be
attributed to rainfall or availability of surface water (Semlitsch and Bodie 1998).
Abundance for some species was 2-3 times greater between habitat types and
restoration periods and there were still no significant differences. This trend was due to
the high variability of animal numbers among pools. High variability in species
abundance reduced the power of my statistics. I submit that this variability in animal
numbers and surface water availability among pools along with confounding effects of
tropical storms may warrant the use of a priori alpha levels of P ≤ 0.10. Difficulty in
detecting explosive breeders, such as Eastern narrowmouth and spadefoot toads, also may
warrant this approach. I offer consideration of abundance of spadefoot toads in my study
as justification for this position. During pre- restoration sampling, I detected one
spadefoot toad in one pool. However, after restoration, I detected ≥ 2 spadefoot toads in
6 pools (23 individuals in 8 pools). Although not statistically significant at α = 0.05 level,
I hypothesize that this detected increase is biologically significant in terms of breeding
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and recruitment for spadefoot toad populations on Pinckney Island. A similar trend was
detected for narrowmouth toads which also are reported as fossorial, pulse breeders
(Conant and Collins 1998). For example, I found 231 Eastern narrowmouth toads in pine
habitats and only 95 in maritime habitats. Due to high variability of animal numbers
among pools, analysis of species abundance for narrowmouth toads between habitat types
showed no significant differences. The 95% confidence intervals were (-4.99, 14.49) and
(-9.5, 30.9) for each habitat type, respectively.
Fowler’s toad (Bufo woodhousei) was not known to exist on Pinckney Island prior
to this detection, nor had it been documented. Fowler’s toads were only found in pine
forest habitats during the 2005 (post- restoration) sampling season. According to
Peterson’s Guide to Reptiles and Amphibians, Fowler’s toads can be found in areas
where they are not known to exist after periods of drought followed by heavy rains
(Conant and Collins 1998), as had been the case over the last several years at Pinckney
Island.
I found only one salamander during the study. One many-lined salamander
(Stereochilus marginatus) was found in a pine forest habitat prior to restoration using the
time-constrained survey method. Not much is known about the conservation status of this
species (Petranka 1998), but it appears to be secure throughout most of its range. In South
Carolina the status of the many-lined salamander is not ranked/under review. Its global
status is listed as G5-secure. The species is known to inhabit woodland ponds, borrow
pits, and drainage ditches in the Coastal Plain from extreme southeastern Virginia to
extreme northern Florida (Christman and Kochman 1975). Although the species is mostly
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aquatic, it can be collected beneath logs, in wet Sphagnum mats, and in other semiaquatic microhabitats along the margins of ponds and sluggish streams (Petranka 1998).
Petranka (1998) stated that local populations of many-lined salamanders likely have been
eliminated or reduced because of drainage of wetlands. It is possible that there were at
one time more individuals of this species inhabiting the island and were limited once the
wetlands were compromised. This individual was able to survive, because the site where
it was found (PK 1) was one of the sites that contained water prior to and after
restoration.
Rainfall trends on Pinckney Island probably influenced the detection of selected
amphibian species during this study. Precipitation rates in the first 2 years (2003, 2004)
were below the 30-year average; whereas, precipitation rates during the last year (2005)
were above the 30-year average. The 30-year average reported by the National Weather
Service at Savannah, GA is 126.24 cm. Yearly rainfall totals from 2003, 2004, and 2005
were 124.33 cm, 72.52 cm, and 142.14 cm, respectively. Summer (June-August) rainfall
in 2003, 2004, and 2005 was 41.81 cm, 31.17 cm, and 44.93 cm, respectively (Table 8).
The 30-year average for summer is 50.06 cm. Fall (September – November) rainfall
amounts totaled 15.37 cm in 2003, 14.00 cm in 2004, and 37.41 cm in 2005 (Table 9).
The 30-year average was 23.75 cm. Rainfall seemed to be the most contributing factor to
just about every aspect of my study. There had been a severe drought occurring in the
Atlantic Gulf Coastal Plain for about 5 years prior to initiation of this study
(www.noaa.gov/climate.html). When I began the preliminary data collection for this
project in 2003, the rainfall totals that year (although still below average) seemed to be
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rebounding toward the 30-year average. In 2004, when actual data collection began, the
rainfall amounts again plummeted. This limited amphibian breeding due to the lack of
water. In 2005, I recorded high amounts of rainfall associated with several storm events
and most of the study sites were flooded. This allowed all the pools to fill beyond their
basins and into surrounding flats. This inundation limited faunal and floral sampling.
Water inundation created less herbaceous cover along the original vegetation transects.
Thus, I recorded “open water” instead of vegetation for most of the transects at several
flooded sites. I was able to compensate for the higher water during faunal sampling by
moving drift fences and funnel traps away from the flooded depression and still obtain a
sample that could be comparable to those from the previous year. High rainfall amounts
also made it difficult to determine success of restoration, because I believe most of the
sites would have filled regardless of whether the ditches were or were not plugged.
However, if the wetland had been restored it could ultimately allowed for a longer
hydroperiod. Snodgrass et al. (2000) found that species richness increased with a longer
hydroperiod. At Pinckney Island only one year after restoration, it was difficult to
determine a benefit from increased length of hydroperiod because I was not able to
ascertain number of recruits returning to the pools. Thus, longer term monitoring would
be more likely to detect increases in abundance of pool breeding amphibians, especially
traditional pool breeders, such as salamanders (Scott 1994). For example, Scott (1994)
reported that some species of salamanders and anurans return to natal pools to breed.
Therefore, number of years of surface water pooling could be an important factor in
determining success of wetland restoration in terms of amphibian recruitment. Therefore,
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I recommend longer term monitoring following restoration with at least 2 years postrestoration to detect use of pools by breeding amphibians.
Hurricanes and other rain events may have influenced breeding amphibians,
causing them to engage in breeding synchrony. Breeding synchrony, or explosive
breeding, is common in many pool-breeding amphibians and may involve a single
reproductive event or several explosive bouts over a prolonged breeding season (Heyer et
al. 1975; Crump 1983; Newman 1987). Explosive breeding events lasting 1-2 days
typically during summer are usually brought about by heavy rains (Conant and Collins
1998). These events also require long- term monitoring to accurately represent the
possibility of their occurrence and account for the recruitment that they may produce.
Therefore, I recommend longer study periods following restoration projects for future
research projects.
Hurricanes also produce storm surge that could increase salinity in coastal
freshwater wetlands, especially if those wetlands are ditched and are allowed to drain to
tide. Salinity was noted in all pools containing water. One pool (PK 33) had significant
salinity prior to restoration with a decline post- restoration. The high salinity prior to
restoration was attributed to tidal influence associated with this pool. The pool was filled
by high tides twice a day. The depression of the pool was lower than the outlet so when
the tide receded most of the salt water remained. After restoration was complete this site
was mostly cut off from tidal influence except in the case of high spring tides, and with
the large amounts of rainfall during the post- restoration sampling period (2005), the
water was likely diluted, showing lesser salinity. Most of the other pools, once restored
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were cut off from tidal influence, thus allowing them to function naturally and without
saltwater influence.

Conclusions and Management Recommendations
Although there were not many differences documented between habitat types and
restoration periods, this study provided the basis for very valuable research. This study
provided baseline data that had not previously existed for this area. I believe that by
continuing this research, important knowledge can be gained of island habitats and the
wildlife that use them. There were 2 species documented for the first time on Pinckney
Island during this study. Through this restoration the possibility for similar discoveries
will be increased as time progresses.
Restoration of wetlands is a timely process. Natural wetland vegetation takes time
to reproduce from the existing seedbank. Also, it takes time for some reptile and
amphibian species to re-colonize areas that have been dry for some time. Semlitsch and
Bodie (1998) found that small wetlands are extremely valuable for maintaining
biodiversity and the loss of these wetlands causes a direct reduction in the connectivity
among remaining species populations. The restoration of these wetlands at Pinckney
Island increases the connectivity, thus allowing for increased biodiversity. These study
sites should continue to be monitored for several years to ensure a completely successful
restoration. Additional studies would be helpful in determining what reptile and
amphibian species re-colonize the wetlands on the island. If new species are found they
should be documented to gain more information on these types of habitats. Also upon
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successful restoration, these sites may be used for reintroduction of the federally listed
flatwoods salamander. Rainfall influences should be studied more closely to evaluate
responses of flora and fauna.
Sampling methods used seemed to be sufficient for this initial project, but others
should be considered when monitoring continues. For example frog call recorders would
be an easy way to document breeding season use of wetlands by amphibians. Also, more
intense sampling at greater frequencies during the season would be helpful.
Sample size may have been a limiting factor in determining differences by
reducing power of my tests. Although sample size seemed small, the number of sites
selected was 33% of the total pools found on the island. I was not able to gain as much
information as was needed to provide the most accurate or precise statistics. More pools
should be sampled, if possible, in future studies allowing for greater confidence of
results.
Wetlands should continue to be monitored for invasive species and treated when
possible to prevent encroachment, especially for Chinese tallow tree (Sapium sebiferum).
Preventing further degradation of wetlands, especially at Pinckney Island NWR, is
essential to providing habitat for wildlife, aesthetic value for visitors, and also ground
water recharge that would help prevent salt water intrusion.
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APPENDIX A
SPECIES LISTS
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Table A.1. Reptile and amphibian species found in coastal plain depressions at Pinckney
Island National Wildlife Refuge, South Carolina (2004-2005).

Reptiles
American Alligator
Banded water snake
Black Racer
Broadhead skink
Copperhead
Cottonmouth
Eastern box turtle
Eastern Garter snake
Eastern Ribbon Snake
Five-lined skink
Green Anole
Ground Skink
Scarlet snake
Southeastern five-lined
skink

Scientific Name
Alligator
mississippiensis
Nerodia fasciata
Coluber constrictor
Eumeces laticeps
Agkistrodon contortrix
Agkistrodon piscivorus
Terrapene carolina
Thamnophis sirtalis
Thamnophis sauritus
Eumeces fasciatus
Anolis carolinensis
Scincella lateralis
Cemophora coccinea

Amphibians
Eastern narrowmouth
toad
Eastern spadefoot toad
Fowler's toad
Gray treefrog
Green treefrog
Many-lined salamander
Southern leopard frog
Southern toad
Squirrel treefrog

Eumeces inexpectatus
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Scientific Name
Gastrophryne
carolinensis
Scaphiopus holbrooki
Bufo woodhousei
Hyla versicolor
Hyla cinerea
Stereochilus marginatus
Rana sphenocephala
Bufo terrestris
Hyla squirella

Table A.2. Plant species encountered while conducting line transects in coastal plain
depressions at Pinckney Island National Wildlife Refuge, South Carolina
(2004-2005).
Scientific Name
Acer Rubrum
Arundinaria gigantea
Asteraceae
Bidens bipinnata
Bidens laevis
Campsis radicans
Carex lupilina
Carex spp.
Chamaecrista exaltata
Chasmanthium latifolium
Chasmanthium laxum
Cyperaceae spp.
Cyperus
Dicanthelium spp.
Eleocharis sp.
Erechtites hieracifolia
Eupatorium capillifolium
Fraxinus pennsylvanica
Hibiscus moscheutos
Hydrocotyle umbellata
Ilex vomitoria
Impatiens capensis
Ipomea sagittata
Iris spp.
Juncus effusus
Juncus spp.
Leersia oryzoides
Ligustrum sinense
Liquidambar styraciflua
Lycopus rubellus
Myrica cerifera
Oxalis violacea
Panicum agristoides
Panicum spp.
Parthenocissus quinquefolia
Peltandra
Persea borbonia
Pinus elliottii

Common Name
Red Maple
Switchcane
Aster
Beggar tick
Bur-marigold
Trumpet creeper
Nut sedge
Nut sedge
Sesbania
Wild oat grass
Spike grass
Sedge
Sedge
Panic grass
Spike rush
Fireweed
Dog fennel
Green ash
Marsh mallow
Water pennywort
Yaupon holly
Jewel weed
Morning glory
Iris
Soft Rush
Rush
Rice cut grass
Chinese privet
Sweetgum
Water horehound
Wax myrtle
Violet wood sorrel
Panicum
Virginia creeper
Red bay
Slash pine
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Table A.2 continued. Plant species encountered while conducting line transects in coastal
plain depressions at Pinckney Island National Wildlife Refuge,
South Carolina (2004-2005).
Pinus palustris
Pinus taeda
Polygonum hydropiperoides
Quercus nigra
Quercus phellos
Quercus virginiana
Rhus toxicodendron
Rhyncospora spp.
Rubus trivialis
Sabal minor
Sabal palmetto
Sagittaria
Salix nigra
Sapium sebiferum
Saururus cernuus
Scirpus spp.
Smilax bonanox
Smilax glauca
Taxodium distichum
Vitis aestivalis
Vitis rotundifolia
Woodwardia areolata
Wild Dill

Longleaf pine
Loblolly pine
Smartweed
Water oak
Willow oak
Live oak
Poison Ivy
Beaked rush
Dewberry
Dwarf palmetto
Cabbage palm
Black willow
Chinese Tallow tree
Lizard's tail
Catbrier
Greenbrier
Bald Cypress
Wild grape
Muscadine
Netted Chain fern
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APPENDIX B
ABUNDANCE AND MEAN PER POOL OF SPECIES (N>20)
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Table B.1. Individual abundance and mean per pool of species (N>20) observed in both maritime and pine habitats during preand post restoration sampling periods at Pinckney Island NWR, South Carolina (2004-2005).
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Maritime
PK10
PK11
PK13
PK19
PK22
PK23
PK26
PK27
PK31
PK41
Mean
Mean habitat
SE habitat

Scincella lateralis
PRE
POST
1
1
0
0
7
1
0
0
2
0
5
2
1
2
0
0
0
2
0
1
1.6
0.9
1.25
0.58

Anolis carolinensis
PRE
POST
6
0
1
0
1
1
0
0
4
1
0
3
1
1
0
1
1
0
1
0
1.5
0.7
1.1
0.49

Gastrophryne carolinensis
PRE
POST
6
4
1
13
6
5
1
2
14
3
4
1
0
4
13
8
2
3
0
5
4.7
4.8
4.75
1.35

Rana sphenocephala
PRE
POST
0
0
2
9
2
9
0
2
6
10
0
12
1
2
2
22
3
0
2
8
1.8
7.4
4.6
1.78

Scaphiopus holbrooki
PRE
POST
0
2
0
2
0
0
0
1
0
3
0
0
0
0
0
0
0
0
0
0
0
0.8
0.4
0.28

Pine
PK1
PK2
PK3
PK4
PK5
PK6
PK8
PK14
PK29
PK33
Mean
mean habitat
SE habitat

4
9
1
0
1
0
0
5
1
0
2.1
2.05
0.80

1
2
4
2
2
0
1
7
1
0
2

0
2
1
2
2
0
0
2
0
0
0.9
0.9
0.29

1
1
2
2
2
0
0
0
0
1
0.9

12
13
7
10
6
37
9
1
11
1
10.7
11.55
4.86

22
66
3
0
6
11
3
3
6
4
12.4

33
2
2
1
0
33
35
1
11
3
12.1
13.5
4.65

41
11
7
37
0
19
24
1
7
2
14.9

1
0
0
0
0
0
0
0
0
0
0.1
0.8
0.58

3
7
0
0
1
4
0
0
0
0
1.5

mean time
SE time

1.85
0.85

1.45
0.53

1.2
0.49

0.8
0.28

7.7
2.66

8.6
4.55

6.95
3.73

11.15
3.76

0.05
0.07

1.15
0.59

